Abstract. Ideal plastic flows are those for which all material elements follow minimum work paths. Ideal flow solutions are widely used as the basis for inverse methods for the preliminary design of metalworking processes. The present paper provides the first ideal flow solution in pressure-dependent plasticity. In particular, the process of bending under tension is considered and it is shown that there are relations between the bending moment and tensile force that result in ideal flow paths.
Introduction
Ideal plastic flows are those for which all material elements follow minimum work paths. The ideal flow theory has long been associated with the Tresca yield criterion [1, 2] . Recently, it has been demonstrated that ideal flow solutions exist in anisotropic plasticity [3] . In particular, the theory of anisotropic plasticity proposed in [4] has been adopted. A comprehensive overview of the ideal flow theory and corresonding solutions has been provided in [5] . This theory has been widely used as the basis for inverse methods for the preliminary design of bulk metal forming processes driven by minimum plastic work (see, for example, [6] ). In particular, optimal dies for extrusion (or drawing) have been found in this paper. Necessary conditions for the optimality of extrusion dies for rigid plastic materials obeying strictly convex yield criteria have been derived in [7] . The development of simplified methods for analysis and design of metal forming processes is of importance for applications since standard finite element simulations are too slow for many purposes [8] . It is worthy of note that the ideal flow theory results in rather a general method of analyzing and designing metal forming processes, whereas many other simplified methods deal with a specific process (see, for example, [9] for plate rolling and [10] for wire drawing). All the available ideal fow solutions are for pressureindependent models. On the other hand, pressuredependency is an important property of some metals, for example [11 -14] . The present paper provides the first ideal flow solution in pressure-dependent plasticity. In particular, the double shearing model proposed in [15] is adopted. The solution describes the process of bending under tension satisfying the ideal flow conditions. Non ideal flow solutions for this process have been given in [16 -20] for various material models. The present solution is based on the mapping between Eulerian and Lagrangian coordinates proposed in [21] .
Statement of the problem
The process of plane strain bending under tension transforms an initial rectangular A 0 B 0 C 0 D 0 into a shape determined by two circular arcs, AB and CD, and two straight lines, AD and BC. The initial shape is shown in Fig.1 and the final shape in Fig. 2 . The initial thickness of the sheet is H and the initial width is L. The sheet is loaded by bending moment M and force F per unit length. A consequence of the equilibrium equations is that some pressure p should be applied to surface CD. Assuming that this pressure is uniformly distributed over the surface it is possible to find that CD F r p (1) where CD r is the current radius of surface CD. Kinematics of this process has been described in [21] . For completeness, the basic equations are presented in this section. Choose an Eulerian Cartesian coordinate system (x, y) such that the initial rectangular is defined by the equations 0 
where a is a function of the time, 
Here Eq. (7) has been taken into account. It is assumed that the material obeys the double shearing model [15] . In particular, the yield criterion in the plane polar coordinate system reads sin 2 cos .
In the case of the original double shearing model proposed for granular materials, k and M are material constants. In the case of metals, it is natural to assume that k depends of the equivalent strain, eq H [13] . The equivalent strain is defined by the following equation
The equations that connect stresses and strain rates are [15] 
General solution
The first equation in Eq. (11) 
In order to find the stress solution, it is necessary to consider the cases 
Summary
A new ideal flow solution has been found. Its distinguished feature is that the plasticity model adopted is pressure-dependent. The solution is for the process of bending under tension. The ideal flow paths in this process are obtained if the neutral line is a material line. It has been shown that the position of the neutral line can be found if the initial and final shapes are prescribed (see Eq. (23)). Then, the distribution of the radial stress is given by Eqs, (19) and (21) . This distribution depends on two variables, a and ] . In order to find the dependence of the radial stress on physical quantities, it is necessary to use Eqs. (4), (5) and (18) . Once the distribution of the radial stress has been determined, the distribution of the circumferential stress follows from Eq. (9). Then, the bending moment and tensile forces are found from Eqs.
(1), (5), (6) and (22).
